. Absorbance spectra and structures of tetracycline and its degradation products. Absorbance spectra measured in aqueous solution, at 10µg/mL, of tetracycline (Tet; gray), epitetracycline (ETC; cyan), anhydrotetracycline (ATC; magenta) and epianhydrotetracycline (EATC; dark blue).
very prolonged degradation (t deg = 2500 min) the spectrum is flat but non-zero, and so the linear combination of spectra also contains a term for the t deg =2500 min spectrum, with coefficient given by the proportion of further degradation products, i.e.
following further decay of ATC and EATC (denoted "∅" in the kinetic model; Supplementary Fig. 3 ). The parameter k loss is fitted to minimize the sum of square errors between these measured and modeled spectra. To maximize distinction between the similar spectra of epimers, errors were only summed over the most characteristic absorption peaks, located at the wavelength ranges 250-290nm and 325-400nm. 
Supplementary

Methods
Strains and Media
Fluorescently labeled strains MC4100-YFP and MC4100-CFP, described previously 5 , were transformed with plasmid pBT107-6A to create a Tet resistant strain, or with the parent plasmid pACYC177 to create a Tet sensitive strain.
pBT107-6A carries the Tn10 tetracycline resistance determinant, with a tetA promoter down-mutation which has been demonstrated to provide higher fitness in the presence of 10 µg.mL -1 Tet than either stronger or weaker promoters 6, 7 .
All fitness measurements were performed in M63 minimal medium (2 g.L 
Tetracycline degradation
Powdered tetracycline was dissolved in 1M phosphoric acid, pH 1.5, at 400µg/mL.
Aliquots were incubated at 75°C and transferred to ice at various time points. These frozen samples were diluted 40× into M63 media for fitness assay, or into water for spectroscopy.
Spectroscopy and determination of chemical composition from spectra
All spectra were recorded at 10 µg/mL in aqueous solution, on a Cary 300 spectrophotometer (Varian Supplementary Fig. 4, Supplementary Table 1 ). Species concentrations were estimated from spectra at individual timepoints (points in Figure   1c ) by numerically searching for the local minimum in alignment error over the characteristic wavelength ranges 250-290nm and 325-400nm, starting from the composition predicted by the kinetic model; numerical minimization was performed by the FindMinimum function of Mathematica 7.0 (Wolfram).
Competitive fitness assay
Selection between resistant and sensitive cells by a particular chemical environment 
